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Abstract.  This research examined the bibliometric characteristics and trends of articles on intelligent transportation 
systems (ITS) indexed in Scopus by all around the world authors. Data from the Scopus database were collected, published 
between 1960 and December 2020. The combination of terms. The combination of words used to find the article related to 
ITS were “intelligent transportation system” or “intelligent transport system”. This led to the finding of 17,373 articles 
Descriptive analysis was carried out to demonstrate the increase of publishing in literature, the number of published articles 
each year, the open access type, the publication source and the major journal. Next, the bibliometric analysis was carried 
out using VOS-viewer software to visualize patterns of the co-authorship, citations of documents, co-occurrence of 
keywords (co-words analysis). According to the findings, the ITS study has grown in recent years. Articles on the ITS study 
have appeared in 160 institutions, 160 journals, and 198 countries. The bibliometric analysis revealed that Tinghua 
University had the most publications on ITS-related research, with a total of 274 articles. Asia, and especially Chinese 
institutions, dominated the top 30 institutions. 
Keywords: intelligent transportation system; Scopus; bibliometric analysis, VOS-viewer 
1 Introduction  
An intelligent transport system (ITS) was developed as the information and communication technology (ICT) and 
positioning technology that support the social infrastructure for people's and things movement. Long travel times, air 
pollution, traffic congestion, fuel consumption, and transportation system in disaster management are just a few of the 
issues that ITS may help in reducing many transport problems [1], [2], [3]. In general, the benefits provided by ITS may 
be divided into five categories: i) improve safety; ii) improve operational performance; iii) promote mobility and comfort; 
iv) improve the environment; and v) boost productivity and expanding economic and employment growth [4]. To provide 
transportation-related services, ITS integrates many technologies such as data collecting, communication, machine 
learning, and data mining. Indeed, traffic control, navigation systems, driver assistance systems, and faulth detection 
systems are examples of these services [3]  
The origins of ITS can be traced back to 1980 with programs that used sensing, information, and communication, 
and signal processing and information processing to achieve a greater sophistication of traffic and transport, such as the 
Partners for Advanced Transportation Technology (PATH) Program in California in the United States and the Programme 
for European Traffic with Highest Efficiency and Unprecedented Safety (PROMETHEUS) in Europe [5]. The word "ITS" 
was originally used in the first Annual World Congress on Intelligent Transportation Systems, which was held in Paris in 
1994. The topic of the first World Congress was "Towards an Intelligent Highway Transport System," and it was called 
and positioned as "The First World Congress on Advanced Transport Telematics and Intelligent Vehicle-Highway 
Systems." At the second World Congress in Yokohama in 1995, the name was formally changed to ITS. Since then, Japan 
has aggressively promoted ITS [5], [6]. 
ITS application has infiltrated buses, taxis, car park, the coordination of the administration of urban transport, 
comprehensive information services and other sectors since it was created in 1994[7]. According to reference [8,] the 
evolution of ITS from 2000 to 2011 may be divided into four generations. The first generation is known as ITS 1.0. (until 
the year 2000). The first generation relies on infrastructure-based technology that is one-way. ITS 2.0 (2000-2002) is the 
second generation, and it employs two-way communication technology. The third generation, ITS 3.0 (2004-2005), 
employs the automated operation of vehicles and automatic, interactive operations of systems and system technology 
administration. ITS 4.0 is the fourth generation (2006-2011). This generation employs multi-modal devices, vehicles, 
infrastructure and information networks, including personal mobile devices and solutions for context mobility. system 
operations. 
Furthermore, since its development, there has been a wide range of ITS applications, and the state of ITS deployment 
varies by nation. ITS has been utilized since the last two decades in advanced nations, but it's still a new concept when it 
comes to emerging countries, such as India, Brazil, China, South Africa, etc. [9]. In Asian countries, Singapore has already 
implemented advanced systems and is considering implementing next-generation systems; Malaysia and Thailand are 
diligently implementing these technologies; and Vietnam, the Philippines, and Indonesia are either in the early stages of 
 
 
implementing or considering implementing such systems. Japan pioneered the usage of ITS, however some of their 
systems have become obsolete as a result of later advancements in IT technology or legal problems, causing a delay in 
implementing new services and technologies [4].   
Since introduction, ITS and the ITS subsidiaries (Advanced Traveller Information System or ATIS, Advanced 
Traffic Management System or ATMS, Advanced Public Transportation System or APTS, and Emergency Management 
System or EMS) have become an interesting topic of research. For example, Kishore et al [10] study implementation of 
ITS in Dehradun City and Kapoor et al [11] study of ITS implementation in India. Singh and Gupta [9] study about recent 
trends in ITS. Stawiarska and Sobczak [12] study the impact of ITS implementations on passenger transport's sustainable 
growth in EU regions. Sumalee and Ho [13] explore the future of ITS. Then, the study about ATIS can be traced back to 
Hasnat et al. [14], Wu et al. [15], and Singh and Kumar [16]. The study about ATMS can be traced back to Ritchie [17], 
Faghri and Hamad [18], Hernandez et al. [23], and Zhenlin et al. [20]. The study about APTS can be traced back to Molina 
[21], Feizhou et al. [22], Hatem et al. [23], and He and Zhang [24]; the study about EMS can be traced back to Thapar 
[25], Kejun et al. [26], Ganeshkumar and Ramesh [27], and Purushothaman et al. [28]. 
As a result of the growing concern about ITS as a research topic in various fields, it is necessary to integrate and 
provide an organized summary of the existing research by identifying the foundational and seminal works, as well as the 
old and new areas of prior scholarship, in order to build knowledge, gain an understanding, and demonstrate the future 
direction in the research area of ITS.  For this purpose, this study will look at the bibliometric characteristics and trends 
of publications on ITS research that have been indexed in Scopus by authors from all around the world. Furthermore, the 
publishing from 1960 to December 2020 will be used to address four research questions: RQ1: What are the current trends 
in this field of study? RQ2: Can you tell me about the basic literature? RQ3: What are the main areas of research? RQ4: 
How have your research interests changed over time? 
 
2.  Literature Review 
2.1. Definition of ITS 
 
Intelligent transport or transportation system or ITS has many definitions. Some of these are shown in Table 2. 
 
Table 2. Definitions of Intelligent Transport System 
 
Source  Definition 
Ghosh and Lee [29] ITS is linked to all of the advancements in transportation and asks for the development of novel and creative 
solutions to transportation problems, based on the fundamental principles of transportation. 
Shladover [30] ITS refers to the use of information technology to improve transportation system operations. In order to 
improve the functioning of surface transport systems, ITS utilizes communication, control, electronics and 
computer equipment and software. 
Seguí Pons [31] ITS refers to the integration of transportation information, communication, and technology in vehicles and 
infrastructures to improve accessibility.  
Regan et al. [32] The use of modern electronics, communication, and computer technologies to the transportation industry 
to improve safety and efficiency, decrease congestion, and limit environmental impact is referred to as 
ITS. 
Křivda et al. [33] ITS supports the transport process by providing information and telecommunications. 
Taylor [34] AustRoads (Australia) defines ITS as "the integrated use of contemporary computer, electronic, 
information, and communications technologies to improve all aspects and modes of transportation and 
their interconnections."  
According to ERTICO (Europe), intelligent transportation systems (ITS) are the marriage of ICT with 
vehicles and networks that carry people and commodities — ‘intelligent' because they provide additional 
knowledge to travelers and operators.  
According to ITS America, Inc. (USA), ITS is a varied set of technologies that contains the solution to 
many of our transportation issues.  
According to ITS Australia, Inc. (Australia), ITS is an umbrella word that refers to the application of 
informed technology to transportation operations in order to decrease operating costs, enhance safety, and 
optimize the capacity of existing infrastructure. 
According to ITS Canada, Inc. (Canada), ITS is a growing global phenomenon that encompasses a wide 
variety of varied transportation technology used to save lives, money, and time.  
The United States Department of Transportation (USDOT) defines ITS as the use of existing and 
developing technology in domains such as information processing, communications, and electronics to the 
problem of surface transportation. 
According to VERTIS (Japan), ITS provides a basic answer to numerous transportation challenges such as 
traffic accidents, congestion, and environmental pollution. ITS addresses these challenges using cutting-
edge communication and control technology. ITS receives and transmits data on people, roads, and 
automobiles. 
Olivková et al. [35] ITS is a transportation intelligent service that uses information and communication technology (ICT) in 
conjunction with other disciplines (e.g., economics and the theory of transport systems engineering) to 
improve infrastructure safety, comfort, transportation performance, and efficiency. 
 
 
Source  Definition 
Sussman [36] ITS integrates cutting-edge technology and advancements in information systems, communication, 
sensors, and complex mathematical approaches with the traditional world of surface transportation 
infrastructure.  
Ambak et al. [37] ITS refers to integrated applications that use a combination of information, communication, computer, 
sensor, and control technologies to improve transportation safety and mobility while also lowering vehicle 
emissions. 
Ezell [4] ITS is a comprehensive transportation management and service system that provides actionable 
information (intelligence) to transportation system actors ranging from commuters to highway and transit 
network operators to the actual devices themselves, such as traffic lights, allowing them to make better-
informed decisions about which route to take, when to travel, and how to mode shift. 
Ghosh and Lee [38] ITS is an evolving discipline of science and engineering whose principal aim is, through a fair distribution 
of the available resource material in particular under the scenario of increased travel speeds, to minimize 
the travel time for all travelers and goods while guaranteeing security, significant numbers of passengers 
and high demand for accurate, prompt passenger information. 
Li et al [39] ITS refers to the use of synergistic technology and system engineering to build and improve all types of 
transport networks. 
An et al.  [40] By employing sophisticated data communication technologies, ITS integrates information, 
communications, computers, and other technology and uses them in the field of transportation to construct 
an integrated system of people, roads, and vehicles. It can develop a comprehensive, efficient, accurate, 
and effective transport management system in real time.. 
Shaheen and Finson 
[41] 
ITS technologies encompass cutting-edge wireless, electronic, and automated technologies that aim to 
improve the safety, efficiency, and convenience of surface transportation.  
Zear et al. [3] ITS is described as a group of advanced applications that attempt to use intelligent ICT to deliver 
transportation and traffic control services. 
Alam et al. [42] ITS refers to an integrated transportation and service management system which integrates and applies 
ICT to the transportation industry. 
Ali et al. [43] ITS stands for "inter-vehicular communication system," which is a new type of information and 
communication technology (ICT) application. 
 
The majority of ITS definitions were quite similar. When all of the definitions in Table 2 are evaluated together, it can be 
determined that they all contain similar threads relating to the employment of new technology to enhance transportation 
systems. Some of the definitions place a strong emphasis on the technologies that are utilized in ITS. Others, on the other 
hand, are more concerned with the application of ITS to solve transportation issues and its good impact on transportation 
performance. Based on this condition, according to several definitions, ITS has three important characteristics. ITS's first 
characteristic is an advanced technology to improve the conventional transportation system, such as information and 
communication technologies, modern computer, sensor, and control technologies. The second characteristic is that ITS 
related to innovative and creative approaches to answering many transportation problems, such as traffic accidents, 
congestion, and environmental pollution. The third characteristic is related to the positive effects of ITS on-transportation 
performance; these effects include increasing safety and improving mobility, reducing vehicle emission, and saving 
money, time and lives. 
 
2.2. Bibliometric Method 
 
The bibliometric technique provides objectivity and quantifiability while also assisting in the prevention of subjective 
biases. It also aids in the validation of findings that academics had intuitively assumed in previous research and is more 
informative [24,25], demonstrating the applicability of this methodological technique. Bibliometrics quantifies and 
analyzes bibliographic data in publications using mathematical and statistical approaches [44]. Researchers can use this 
bibliographic data to identify links between articles or authors [45]. Traditional databases, such as Thomson Reuters Web 
of Science (WoS) and Scopus, are commonly used to perform bibliometric tasks in bibliographic studies because they are 
trustworthy citation data sources [46]. Science maps are often used in bibliometric research [47]. A major technical 
advance in bibliometrics was the ability to display bibliometric networks with scientific maps [46]. Science maps, 
sometimes called bibliometric maps or knowledge maps, aid in the conceptual, intellectual, and social organization of a 
discipline [47]. It is a geographical depiction of the interaction between research materials such as authors or citations 
that aids in understanding the structure and evolution of the study. [48]. There are a variety of software tools for creating 
scientific maps, and Cobo et al. [47] conducted a comparison of these tools. Other methods for constructing a bibliometric 
network are dependent on the unit of analysis chosen, such as authors, documents, journals, cited references, or keywords. 
 This study employs two bibliometric map source analyses, co-authorship and co-word or co-occurrence analyses. 
Co-authorship research is an important bibliometric content and is an index for assessing the status of research in a 
particular area [49]. Co-word or co-occurrence analyzes evaluate in the same literature the frequency of co-occurrence of 
two keywords [50]. Once keyword sets are frequently employed by several writers in a certain region together. Without 
depending on a priori definitions, this bibliometric technique immediately extracts the key themes of a study field and the 
relationships between these themes based on the co-occurrence of word pairs [51]. Thus, the conception structure and key 




3. Material and Method 
In this section, the research methodology is defined, and the steps taken are described in the following subsections.  
 
• First, find the sources of Information, and inclusion and exclusion criteria  
Give the objectives of this research, conduct a systematic literature review or provide an organized summary of the 
existing research, this research began with precisely defining inclusion and exclusion criteria for the selection of the 
databases for research as well as the decade for searching the articles. In terms of accessibility, the study selected a 
database from Scopus (which can provide excellent peer-reviewed journals and conference proceedings) and a total 
of more than one decade, as it provided a good overview of the research objective. The study's time span is from 
1988 through 2020, and it covers all publications, not just those written in English. Also included in the search were 
books or book chapters, technical reviews, conference papers, and editorials, in addition to research and review 
articles.  
• Second keywords definition and articles search  
To find the associated articles that focusing on ITS, the databases search began by article or abstract or keywords 
containing the combination of words “intelligent transportation system” or “intelligent transport system” (TITLE-
ABS-KEY (“intelligent transportation system”) OR TITLE-ABS-KEY (“intelligent transport system”)) to address 
transportation or transport topic in an any combination. As a result, 17,373 articles were found.  
• Third, articles analysis and results 
In this stage, the 17,373 selected articles were examined and categorized into several groups based on their features 
and content (such as the number of published articles per year, the kind of open access publishing, the source type, 
affiliation, author name, and keywords). First, in order to illustrate the increase in the literature, the descriptive 
analysis that included the first stage in the study was to generate the number of publications a year, the kind of open 
access, the publications source, and the most significant journal. The bibliometric study was then carried out using 
VOS-viewer software to display patterns of co-authorship, document citations, and keyword co-occurrence (co-
words analysis). The co-authorship study was carried out in order to determine who was the most actively involved 
author. Finally, a co-word analysis was performed to determine the dimensions of the keyword network structure as 
well as the progression of research interests.  
4. Result and Discussion 
4.1. General Literature Trends  
Based on the combination of words “intelligent transportation system” or “intelligent transport system” and the literature 
type was expressed as “all types”, 17,373 articles met the selection criteria. According the variance of type of open access 
provided by the journal, most of published version or article accepted were open access (3,271 articles 45,01%). About 
1,919 articles (26,40%) of published version or manuscript accepted for publication were green open access, 1,241 articles 
(6.94%) gold open access, 557 articles (7.66%) bronze, and 280 articles (3.85%) hybrid gold. In green open access, 
published version or article accepted for publication, available at repository. Then, in gold open access, articles that are 
in journals which only publish open access. In bronze open access, published version of record or article accepted for 
publication. The publisher has chosen to provide temporary or permanent free access. Last, in hybrid gold, articles that 
are in journals which provide authors the choice of publishing open access. The most frequent document type is 
conference paper (9,542), accounting for 54,92% of total publications. At the second position is article (6,569), with a 
proportion of 37,81%. Other document types including book chapter (391), review (334), conference review (277), 
editorial (114), book (62), short survey (35), erratum (29), note (8), retracted (3) data paper (2), report (2), letter (1), and 
undefined (4). 
 Then, the annual trends of ITS-related publications can be seen in Figure 1. According to SCOPUS references, the 
first article was published in 1988 and the ITS-related research obtained very fast increase in the following 32 years. Until 
2006, especially after 2007, more and more scholars started to research in this field. The number of publications increase 
dramatically from 438 to 704 since the emphasis of the countries all around the world is changing from development of 
infrastructure to the best use of the infrastructure facilities availablE. For this reason, the optimum use of the available 





Figure 1. The Annual Trends of ITS-Related Publications 
 
4.2. The Distribution of Institutes on ITS Study  
Totally, there were 160 institution involved on ITS study. Only top 30 institution were listed below (see Figure 2).  
 
Figure 2. The Distribution of Institution on ITS Study 
Out of these 30 institutes, Tinghua University had the greatest number of publications with a total of 274 articles.  The 
most cited article from Tinghua University was written by Zheng et al, 2006 (312 citation). They developed a neural 
network model for predicting short-term highway traffic flow that integrates predictions from individual neural network 
predictors using an adaptive and heuristic credit assignment method based Bayes' rule and on conditional probability 
theory. At the second position was the Beijing Jiaotong University with 252 articles, followed by Chinese Academy of 
Sciences, Ministry of Education China, Tongji University, Southeast University-Nanjing, etc. (see Figure 2). The top 30 
institution were dominated by Asia, or specifically, dominated by Chinese institution. There are 5 institution outside Asia 
countries in top 30. Three were American institution (Virginia Polytechnic Institute and State University, Massachusetts 
Institute of Technology, University of California) and two were Canadian Institution (University of Waterloo and 
University of Ottawa).  From Figure 2, we can find that the publication related to ITS from top 30 institution were between 








































































































4.3. The Distribution of Published Journals on ITS Study  
Only 6,860 from 17,373 articles were published in journals. Totally, 160 journals listed in Scopus that published the 
articles related to ITS.  As much as 34 (21,25%) journals published less than 10 articles. It is also observed that 26,22% 
of the articles (1,799 articles) were published in the top 10 journals. The journal with the greatest number of publications 
of ITS study is IEEE Transactions on Intelligent Transportation Systems, with a total of 550 articles, followed by IEEE 
Access (259 articles), Transportation Research Part C Emerging Technologies (184 articles), IET Intelligent Transport 
Systems (159 articles), IEEE Transaction On Vehicular Technology (137 articles), Journal of Intelligent Transportation 
Systems Technology Planning and Operations (125 articles), SAE Technical Papers (92 articles), etc. More detail, the top 
30 journals that published on ITS study can be seen in the Table 2. There was no clear correlation between the number of 
publications, especially documents and the number of citations. Transportation Research Part C Emerging Technologies, 
for example, was ranked second in terms of citations despite being placed third in terms of articles. This data also shows 
that the Scimago journal ranking by Scopus impacted the number of citations in the articles. In this case, IEE access had 
a h index of 86 SJR 0.78 and a h index of 116 SJR 3.34 H-index of Transportation Research Part C Emerging 
Technologies. 
 
Table 2. List of 30 Journals that Published on ITS Study 
 
No Name of Journal Number of Articles  Citation Quartile 
1 IEEE Transactions on Intelligent Transportation Systems  550 15.416 Q1 
2 IEEE Access  259 2.252 Q1 
3 Transportation Research Part C Emerging Technologies  184 6.167 Q1 
4 Sensors Switzerland  159 1.485 Q1 
5 IET Intelligent Transport Systems  152 1.667 Q1 
6 IEEE Transactions on Vehicular Technology  137 3.200 Q1 
7 Journal of Intelligent Transportation Systems Technology Planning 
and Operations  
125 1.571 Q1 
8 SAE Technical Papers  92 71 Q2 
9 Traffic Engineering and Control  78 11 - 
10 Journal of Transportation Engineering  72 1.781 Q2 
11 IEEE Intelligent Transportation Systems Magazine  69 564 Q1 
12 Jiaotong Yunshu Xitong Gongcheng Yu Xinxi Journal of 
Transportation Systems Engineering And Information Technology 
62 173 Q3 
13 Journal of Advanced Transportation 60 254 Q1 
14 Wireless Personal Communications 54 254 Q3 
15 Vehicular Communications 53 1 Q1 
16 ITE Journal Institute of Transportation Engineers 52 27 Q3 
17 IEEE Internet Of Things Journal 45 1.318 Q1 
18 Applied Sciences Switzerland 44 151 Q1 
19 Expert Systems with Applications 44 1.095 Q1 
20 Electronics Switzerland 39 135 Q2 
21 Sustainability Switzerland 39 158 Q2 
22 IEICE Transactions on Fundamentals Of Electronics Communications 
And Computer Sciences 
38 63 Q3 
23 International Journal of Distributed Sensor Networks 37 194 Q2 
24 IEEE Communications Magazine 34 1.725 Q1 
25 Transportation Research Record 33 55 Q2 
26 IEEE Robotics and Automation Letters 32 186 Q1 
27 International Journal of Applied Engineering Research 32 117 Q2 
28 Computer Communications 31 455 Q1 
29 Promet Traffic Traffico 31 78 Q2 
30 International Journal of Intelligent Transportation Systems  30 113 Q2 
 
4.4. The Research Country and Citation Analysis  
These 17,353 articles were published in 198 different countries. Figure 3 shows the top 30 regional distributions of articles 
among authors in descending order. Figure 4 depicted a visualization of data from ITS study papers in terms of co-
authorship–related nations. The goal of the country co-authorship study was to identify the important nations as well as 
the amount of communication and impact between countries in the field of ITS research. The large nodes indicate 
significant countries. The connections between nodes are represented by the linkages between nodes, and the thickness 
of the link and the distance between nodes indicate the amount of collaboration between nations. The colors of the nodes 
themselves showed the study field's diversity, indicating many clusters created from all of the publications.  
 The analysis of the data indicated that authors from China dominates the field by occupying 24,19% (4,202 
documents) of the total number, followed by United State 16.68% (2,897 articles), India 6.75% (1,173 articles), Japan 
5.68% (978 articles), etc.  As also shown in Figure 4, the center of the networks is China and United States of America. 
Compared with China, the paper published by the authors from United State of America have hinger citation.  The ITS 
 
 
study conducted by United State of America’s researchers are prior to China’s researchers. See the node’s color. The 
more recently study indicated by the green and yellow color. Indonesia was also one of the countries that has contributed 
to ITS study. The main countries of collaboration were Saudi Arabia, Malaysia, South Korea, Vietnam, United States, 










Then, based on the data retrieved from the Scopus database, all 17,737 documents were published by 27,350 authors. 
Within the minimum number of documents of one author was 5 and the number of citations of one author was 5, 1,874 
authors meet the thresholds. The author with highest number of documents was Zhang Y. (201 articles) with the total 
number of citations 2,012; followed by Wang Y (197 articles), Wang X (143 articles), etc. Compared with Zhang Y, 
Wang Y has higher the number of citations (see Table 3). According to reference [53], the number of citations is the main 




Table 3. The Number of Document and Citation Analysis by Author 
No Author  Document Citations 
Total Link  
Strength 
1 Zhang Y 201           2.012  457 
2 Wang Y.  197           2.135  202 
3 Wang X 143           1.216  389 
4 Li Y 135           1.884  345 
5 Wang J 125              989  303 
6 Liu Y 118           1.365  295 
7 Li J 117              828  287 
8 Zhang J 112           1.525  289 
9 Li X 110           1.046  313 






















Figure 5. The Co-authorship Network of Document on ITS Study in Terms of Authors. 
 
Each node in Fig. 5 represented an author or a group of authors. Larger nodes imply a more powerful author (s). The 
documents were split into 37 clusters, which are indicated by the colors of the nodes in Fig. 5. Zhang Y and Whang Y 
were the most influential writers, as shown in Fig. 5, with total link strengths of 457 and 202, respectively. The distance 
between two nodes reflects the closeness of two researchers' relationships. In other words, writers that are near to each 
other are more likely to cite the same publications. 
 
4.5. Main Research Themes  
 
To recognize the primary study topics, a co-worth network map was developed. The thesaurus file was uploaded, and co-
occurrence was chosen as the type of analysis, all keywords as the unit of analysis, and fractional counting as the counting 
method. The total number of keywords was 54,977, which were too many to fit on a chart. So, to reduce the number of 
keywords on the chat, a threshold of minimum appearance of 10 times, 3,200 keywords were used. The normalization 
method was fractionalization and the visualization weight was occurrences. Table 4 showed the top 10 keywords on ITS 
study since 1996 until 2000 and also for a five-year period. From 1998 until 2020, the keyword “intelligent systems” was 
the common, occurring 10,971 times followed by “intelligent transportation systems” (9,461), “intelligent vehicle 
highway systems” (7,015), etc. The word “intelligent systems” become the top keywords since 2011. 
Table 4. The Top 10 Keywords for ITS Study 










Intelligent System (10,971; 
10,970) 
Intelligent Vehicle 








Systems (9,461; 9,382) 
 
 
2000-2005 2006-2010 2011-2015 2016-2020 1998-2020 
Traffic Control (316) Intelligent Systems 
(1,534) 
Traffic Control (1,160) Intelligent Vehicle 
Highway Systems (3,082) 
Intelligent Vehicle Highway 
Systems (7,015; 7,014) 
Transportation (271) Vehicle Locating 
Systems (745) 
Intelligent Vehicle 
Highway Systems (1,047) 
Vehicles (1,653) Traffic Control (3,643; 3,642) 
Computer 
Simulation (235) 
Traffic Control (657) Transportation (896) Traffic Control (1,471) Vehicles (3,132; 3,131) 
Intelligent 
Systems (222) 




Intelligent transport systems 
(3.000; 2,965) 







Roads and Streets (931) Intelligent Transportation 
System (2,027; 2,758) 
Highway Traffic 
Control (177) 
Roads and Streets (332) Vehicular Ad Hoc 
Networks (467) 




Highway Traffic Control 
(278) 
Traffic Congestion (412) Vehicle to Vehicle (828) Vehicular Ad Hoc Networks 
(1,499; 1,489) 
 
The important keywords and their relationships were shown in Figure 6. The close proximity of two phrases and the 
thickness of the lines between them reflect how often the nodes and words in Figure 5 co-occurred; the larger size 
suggesting more weight for each keyword. In this case, the keyword with the larger size was “intelligent systems”. Then, 
the colors of the nodes represented the diversification of the keywords, which formed 8 clusters. The top 3 keywords in 
first cluster were abstracting, accessibility, accident. The top 3 keywords in the second cluster were 4 G mobile 
communication, 5 G, and 4 G. The top 3 keywords in the third cluster were acceleration, acceleration and detection, and 
acceleration control. The top 3 keywords in the cluster 4 were accelerometers, accident detection, and acoustic noise. The 
top 3 keywords in the fifth cluster were accuracy assessment, accurate prediction, and accurate analytics. The top 3 
keywords in sixth cluster were accurate estimation, ad-hoc networks, adaptive filtering. The top 3 keywords in the seventh 
cluster were accident rate, accidents, traffic, accuracy. Last, the top 3 keywords   in the eight cluster were cloud services 
and smart-phone application. 
 
 
Figure 4. The Co-occurrence Network of Keywords in Document of ITS Study  
5. Conclusion  
This study aims to explain the full bibliographic features of papers on ITS research published in Scopus-indexed journals 
by all authors from across the world. After 2007, the ITS study increased quickly. It can be shown that the research of 
ITS was extensively acknowledged by the scientific community worldwide based on institutions, journals and the nations 
in which the documents were published. The variation of institutions, journals, and countries also showed the diversity of 
topics discussed in the field of ITS. About 160 institution, 160 journals, and 198 countries involved on ITS study. Tinghua 
University was the institution with the greatest number of publications with a total of 274 articles. IEEE Transactions on 
Intelligent Transportation Systems was the journal with the greatest number of publications with a total of 550 articles. 
Then, China dominates the field by occupying 24,19% (4,202 articles) of the total 17,373 articles. Indonesia have 
relationship with researchers from Saudi Arabia, Malaysia, South Korea, Vietnam, United States, China, Taiwan and 
Japan. This means that Indonesia authors actively collaborated with researchers from those countries.  
 The analysis of the co-authorship in terms of authors indicated that the author with highest number of articles was 
Zhang Y. (201 articles) with the total number of citations 2,012; followed by Wang Y (197 articles) with total number of 
citations 2,135. Then of analysis of co-occurrence in terms of keywords indicated the top 10 keywords for ITS since 1998 
until 2020 were intelligent system, intelligent transportation, intelligent vehicle highway systems, traffic control, vehicles, 
intelligent transport systems, transportation, intelligent transportation system, roads and streets, and vehicular ad hoc 
networks.   
 
 
 This study is not without limits. The scope of this study was limited to bibliometric analysis, which looked at the 
number of articles published and the dominance of institutions, journals, countries, authors, and keywords. Scopus was 
also the only database used in this investigation. As a result, there are still numerous avenues to investigate, such as the 
method's variations and data processing techniques. Furthermore, because the keyword search only employed broad 
terms, some relevant articles may have been overlooked. As a result, future study might utilize more specific terms and 
broaden the reach of databases to include others like Web of Science.  
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1. Introduction 
Intelligent transportation system (ITS) can be defined as holistic, control, information and communication 
upgrade to classical transport and traffic systems, which enables significant performance improvement, traffic flows, 
the efficiency of passenger and goods transportation; safety and security of transport, ensures more comfortable 
traveling for passengers, reduces pollution, etc. [1-13]. The implementation of ITS in Semarang City can be traced to 
the city's transportation problem. This problem arises due to the increasing number of vehicles and society's mobility 
that is not balanced with the public transportation facilities and infrastructure availability [14, 15]. The total number 
of private vehicles in Semarang City was 995,778 units in 2013 and reached 1,981,208 units in 2017. While the 
number of public transportations in 2013 was 5,553 units and increased to 8,207 units in 2017 [16]. So, to minimize 
the transportation problem under limited government budget, policymakers and transportation planners in Semarang 
City already have initiated several alternative solutions which benefit the community, for example, traffic demand 
control, widening the roads, providing more public buses, and implementing the ITS along with an efficient 
management system 
Semarang City already has Area Traffic Control System (ATCS) installed at 52 intersections as part of the ITS 
implementation (ATCS is part of the Advanced Traffic Management System (ATMS)). Besides, Semarang City also 
has one unit of permanent Variable Message Sign (VMS), two intersections integrated with ITS, and has developed 
Semarang Smart Transportation City's application. Moreover, the Service Technical Implementing Unit Trans 
Semarang reported that they already created Trans Semarang Application, used non-cash payments with e-ticket 
machine facilities, used a bus tracking system, and facilitated one bus stop Passenger Information System (PIS). In 
Semarang City, ATCS has been installed since 2004 and is currently developing an application service based on 
ATCS to monitor the latest traffic flow in Semarang City. This application service can help road users find out the 
latest traffic flow conditions to avoid congestion. Until now, the areas that the application can reach for traffic 
monitoring are only in thirteen intersections. The other sites are still under development and will continue to expand 
to reach all intersections in Semarang. The intersection that integrated with ITS has been started since 2017; this 
integration makes traffic light duration adjusted based on intersection density conditions in real-time. The 
Department of Transportation Semarang City's target is to integrate all the intersections with ITS and support every 
public transportation, especially Trans Semarang, with real-time information, but this has not been done yet. It seems 
the implementation of ITS in Semarang city still hard. 
Some barriers make ITS's development and deployment hard in some regions [17]. Despite their technical 
feasibility and significant benefit-cost ratio, the ITS projects often lack adequate funding. The ITS projects usually 
have to compete for funding with conventional transportation projects—repairing roads, fixing potholes, building 
new ones, etc.—that may be more instantaneously pressing but don't provide an excellent long-term return [10]. ITS 
also faced a range of complex institutional barriers, including jurisdictional barriers, such as which government's 
level—county, city, public authority, or interstate compact—has accountability for or jurisdiction over ITS 
deployment. Organizational challenges contain how presenting organizations, often across jurisdictions, determine 
and maintain common schedules and plan and distribute information. Other ITS barriers include the availability of 
the expertise of the technologies underlying ITS and their implementation [18, 19]. In detail, the other barriers to the 
implementation of ITS-related project can be seen in the next section.  
So, in light of ITS's importance and there are some barriers that make the ITS project in some regions hard, this 
study will focus on investigating the underlying barriers related to the ITS project in Semarang City.  To achieve this 
objective, this research will be conducted in two phases. In the first phase, conduct a literature review on the barriers 
to developing and deploying ITS published by previous authors and highlight the barriers to be validated by some 
experts. In the second phase, some questionnaire-based survey has been conducted among the experts belong to 
policymakers and transportation planners in Semarang City. The questionnaire's main objectives are to get the valid 
barriers and understand and analyze contextual relations and hierarchical levels of barriers in implementing ITS.  
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1. Introduction 
Intelligent transportation system (ITS) can be defined as holistic, control, information and communication 
upgrade to classical transport and traffic systems, which enables significant performance improvement, traffic flows, 
the efficiency of passenger and goods transportation; safety and security of transport, ensures more comfortable 
traveling for passengers, reduces pollution, etc. [1-13]. The implementation of ITS in Semarang City can be traced to 
the city's transportation problem. This problem arises due to the increasing number of vehicles and society's mobility 
that is not balanced with the public transportation facilities and infrastructure availability [14, 15]. The total number 
of private vehicles in Semarang City was 995,778 units in 2013 and reached 1,981,208 units in 2017. While the 
number of public transportations in 2013 was 5,553 units and increased to 8,207 units in 2017 [16]. So, to minimize 
the transportation problem under limited government budget, policymakers and transportation planners in Semarang 
City already have initiated several alternative solutions which benefit the community, for example, traffic demand 
control, widening the roads, providing more public buses, and implementing the ITS along with an efficient 
management system 
Semarang City already has Area Traffic Control System (ATCS) installed at 52 intersections as part of the ITS 
implementation (ATCS is part of the Advanced Traffic Management System (ATMS)). Besides, Semarang City also 
has one unit of permanent Variable Message Sign (VMS), two intersections integrated with ITS, and has developed 
Semarang Smart Transportation City's application. Moreover, the Service Technical Implementing Unit Trans 
Semarang reported that they already created Trans Semarang Application, used non-cash payments with e-ticket 
machine facilities, used a bus tracking system, and facilitated one bus stop Passenger Information System (PIS). In 
Semarang City, ATCS has been installed since 2004 and is currently developing an application service based on 
ATCS to monitor the latest traffic flow in Semarang City. This application service can help road users find out the 
latest traffic flow conditions to avoid congestion. Until now, the areas that the application can reach for traffic 
monitoring are only in thirteen intersections. The other sites are still under development and will continue to expand 
to reach all intersections in Semarang. The intersection that integrated with ITS has been started since 2017; this 
integration makes traffic light duration adjusted based on intersection density conditions in real-time. The 
Department of Transportation Semarang City's target is to integrate all the intersections with ITS and support every 
public transportation, especially Trans Semarang, with real-time information, but this has not been done yet. It seems 
the implementation of ITS in Semarang city still hard. 
Some barriers make ITS's development and deployment hard in some regions [17]. Despite their technical 
feasibility and significant benefit-cost ratio, the ITS projects often lack adequate funding. The ITS projects usually 
have to compete for funding with conventional transportation projects—repairing roads, fixing potholes, building 
new ones, etc.—that may be more instantaneously pressing but don't provide an excellent long-term return [10]. ITS 
also faced a range of complex institutional barriers, including jurisdictional barriers, such as which government's 
level—county, city, public authority, or interstate compact—has accountability for or jurisdiction over ITS 
deployment. Organizational challenges contain how presenting organizations, often across jurisdictions, determine 
and maintain common schedules and plan and distribute information. Other ITS barriers include the availability of 
the expertise of the technologies underlying ITS and their implementation [18, 19]. In detail, the other barriers to the 
implementation of ITS-related project can be seen in the next section.  
So, in light of ITS's importance and there are some barriers that make the ITS project in some regions hard, this 
study will focus on investigating the underlying barriers related to the ITS project in Semarang City.  To achieve this 
objective, this research will be conducted in two phases. In the first phase, conduct a literature review on the barriers 
to developing and deploying ITS published by previous authors and highlight the barriers to be validated by some 
experts. In the second phase, some questionnaire-based survey has been conducted among the experts belong to 
policymakers and transportation planners in Semarang City. The questionnaire's main objectives are to get the valid 
barriers and understand and analyze contextual relations and hierarchical levels of barriers in implementing ITS.  
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2. Method of research 
2.1. Barriers for ITS project implementation 
Based on the previous authors [9-13], this study chooses 18 factors as barriers for ITS project implementation. In 
summary, the eighteen factors and the related authors can be seen in the following table. 
Table 1. Barriers for transportation project implementation (including ITS project). 














et al (2019) 





2 Lack of funding or insufficient funding for project 
implementation  
x x x 
 
x 
3 Lack of priority as city transport budgets usually assigned to 
road expansion and maintenance  
x x x 
 
x 
4 The opinion that transportation project would create more 





5 Internal organizational barriers that many agencies struggle 
with new technology procurement require extensive 
requirements that subject them to arduous rules and take 
years to procure new technologies. 
   
x 
 
6 Internal organizational barriers in the context of the timing of 
procedure for writing plans, divided responsibilities, and the 
right organizational system to drive ITS 
x x    
7 Lack of human resource with adequate capability for ITS 
modelling  
x 
    





9 Complexity because of differences of rules or procedures 









11 Lack of awareness that ITS project has potential to reducing, 




12 Political problems (political short-termism or discontinuities 





13 Lack of interest among policy decision-makers and 
institutions- keeping the old bureaucracy  
    
x 
14 Lack of expertise with local and regional transportation 
agencies  
x x x 
  












17 The digital divide persists among the user of transportation  
   
x 
 
18 Stringent environmental licensing procedures to implement 




2.2. Data processing technique 
This research uses Content Validity Analysis and Interpretative Structural Modelling (ISM) methods as data 
processing techniques. In this study, the Content Validity Analysis measures how well the factors correspond or 
reflect a barrier for ITS project implementation. Then, among some content validity testing methods, this study uses 
empirical techniques to calculate the content validity index (CVI) [20].  Moreover, in this study, CVI is computed 
using Item-CVI (I-CVI). Since the relevance of each item or factor with the barrier of ITS project implementation is 
measured using a four-point Likert scale (1 = not relevant, 2 = somewhat relevant, 3 = relevant, 4 = very relevant), I-
CVI is calculated as the number of experts giving a rating of "relevant" or "very relevant" (giving a rating of either 3 
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or 4) for a specific item or factor divided by the total number of experts.  The range of values of I-CVI from 0 to 1; 
the item or factor could be relevant if I-CVI value > 0.79, the item or factor need revision if the I-CVI value between 
0.70 and 0.79, and the item or factor should be eliminated if the I-CVI value below 0.70 [20].  For example, an item 
or factor rated as "relevant" or "very relevant" by four out of five judges would have an I-CVI value of 0.80. 
The second data processing technique is the ISM method. It's used to better understanding (directly or indirectly) 
the systematic structure of interaction among ITS project implementation barriers. This study uses the ISM method 
because many items or factors become a barrier for ITS project implementation, making the structure of a systematic 
model of the relationship among the barriers more complex and difficult to express.  By tracing back to the work of 
[21] and [22], ISM can be defined as a qualitative tool in which a set of different and directly related elements is 
structured into a comprehensive systemic model. ISM method is a suitable method for making the structure of a 
systematic model of the relationship among several factors in different fields of studies [23-35].. 
2.3. Respondents of the research 
This study considers the following four "expertise" requirements to select an expert panel participant or 
respondent. The experts should have knowledge and experience with the problems; the experts should have the 
capacity and willingness to be involved; the experts should have enough time to be involved. Last, the experts 
should have practical communication skills. Then, based on the four "expertise" requirements, the panel of experts 
who are participant or respondent of this research consists of representatives from the Department of Transportation 
Central Java Province, Department of Transportation Semarang City (Head of the Traffic Division, Technical Team 
of Traffic), Service Technical Implementing Unit Trans Semarang (Head of Division), Indonesian Transportation 
Society of Central Java Province (Secretary), and expert in the field of transportation. 
3. Result and discussion 
3.1. The result of content validity analysis 
The result of content validity indicated six factors (barrier 7, barrier 9, barrier 11, barrier 14, barrier 15, and 
barrier 18 -see Table 1) have the I-CVI value below 0.70; so, those factors should be excluded from the list of 
barriers of ITS project implementation.  However, to accommodate the panel of experts' request, this study still 
maintains 3 out of 6 excluded factors. There were some adjustments or modifications to those factors. Besides, the 
panel of experts also ask to add one factor. Finally, based on the value of I-CVI as well as the request from the panel 
of expert, this study used 16 factors as a barrier for ITS project implementation; 12 out 16 factors were based on 
literature review, 3 out 16 factors were based on modification made by a panel of experts on the deleted factors, and 
1 out of 16 factors was based on the opinion of a panel of experts. The new list of barriers of ITS project 
implementation and the final symbol used for the following data processing were: 
• High cost of ITS project implementation (B1) 
• Lack of funding or insufficient funding for project implementation (B2) 
• Lack of priority as city transport budgets usually assigned to road expansion and maintenance (B3) 
• The opinion that transportation project would create more expense despite efforts towards savings (B4) 
• Internal organizational barriers that many agencies struggle with new technology procurement due to extensive 
requirements that subject them to arduous rules and taking years to procure new technologies (B5) 
• Internal organizational barriers in the context of the timing of procedure for writing plans, divided 
responsibilities, and the right organizational system to drive ITS (B6) 
• Do not have a blueprint for ITS development design in the city of Semarang because of lack of human resource 
with adequate capability for ITS modeling (B7) (modification from barrier 7 ‘Lack of human resource with 
adequate capability for ITS modelling’) 
• Lack of alignment among stakeholders (B8) 
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2. Method of research 
2.1. Barriers for ITS project implementation 
Based on the previous authors [9-13], this study chooses 18 factors as barriers for ITS project implementation. In 
summary, the eighteen factors and the related authors can be seen in the following table. 
Table 1. Barriers for transportation project implementation (including ITS project). 
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17 The digital divide persists among the user of transportation  
   
x 
 
18 Stringent environmental licensing procedures to implement 




2.2. Data processing technique 
This research uses Content Validity Analysis and Interpretative Structural Modelling (ISM) methods as data 
processing techniques. In this study, the Content Validity Analysis measures how well the factors correspond or 
reflect a barrier for ITS project implementation. Then, among some content validity testing methods, this study uses 
empirical techniques to calculate the content validity index (CVI) [20].  Moreover, in this study, CVI is computed 
using Item-CVI (I-CVI). Since the relevance of each item or factor with the barrier of ITS project implementation is 
measured using a four-point Likert scale (1 = not relevant, 2 = somewhat relevant, 3 = relevant, 4 = very relevant), I-
CVI is calculated as the number of experts giving a rating of "relevant" or "very relevant" (giving a rating of either 3 
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or 4) for a specific item or factor divided by the total number of experts.  The range of values of I-CVI from 0 to 1; 
the item or factor could be relevant if I-CVI value > 0.79, the item or factor need revision if the I-CVI value between 
0.70 and 0.79, and the item or factor should be eliminated if the I-CVI value below 0.70 [20].  For example, an item 
or factor rated as "relevant" or "very relevant" by four out of five judges would have an I-CVI value of 0.80. 
The second data processing technique is the ISM method. It's used to better understanding (directly or indirectly) 
the systematic structure of interaction among ITS project implementation barriers. This study uses the ISM method 
because many items or factors become a barrier for ITS project implementation, making the structure of a systematic 
model of the relationship among the barriers more complex and difficult to express.  By tracing back to the work of 
[21] and [22], ISM can be defined as a qualitative tool in which a set of different and directly related elements is 
structured into a comprehensive systemic model. ISM method is a suitable method for making the structure of a 
systematic model of the relationship among several factors in different fields of studies [23-35].. 
2.3. Respondents of the research 
This study considers the following four "expertise" requirements to select an expert panel participant or 
respondent. The experts should have knowledge and experience with the problems; the experts should have the 
capacity and willingness to be involved; the experts should have enough time to be involved. Last, the experts 
should have practical communication skills. Then, based on the four "expertise" requirements, the panel of experts 
who are participant or respondent of this research consists of representatives from the Department of Transportation 
Central Java Province, Department of Transportation Semarang City (Head of the Traffic Division, Technical Team 
of Traffic), Service Technical Implementing Unit Trans Semarang (Head of Division), Indonesian Transportation 
Society of Central Java Province (Secretary), and expert in the field of transportation. 
3. Result and discussion 
3.1. The result of content validity analysis 
The result of content validity indicated six factors (barrier 7, barrier 9, barrier 11, barrier 14, barrier 15, and 
barrier 18 -see Table 1) have the I-CVI value below 0.70; so, those factors should be excluded from the list of 
barriers of ITS project implementation.  However, to accommodate the panel of experts' request, this study still 
maintains 3 out of 6 excluded factors. There were some adjustments or modifications to those factors. Besides, the 
panel of experts also ask to add one factor. Finally, based on the value of I-CVI as well as the request from the panel 
of expert, this study used 16 factors as a barrier for ITS project implementation; 12 out 16 factors were based on 
literature review, 3 out 16 factors were based on modification made by a panel of experts on the deleted factors, and 
1 out of 16 factors was based on the opinion of a panel of experts. The new list of barriers of ITS project 
implementation and the final symbol used for the following data processing were: 
• High cost of ITS project implementation (B1) 
• Lack of funding or insufficient funding for project implementation (B2) 
• Lack of priority as city transport budgets usually assigned to road expansion and maintenance (B3) 
• The opinion that transportation project would create more expense despite efforts towards savings (B4) 
• Internal organizational barriers that many agencies struggle with new technology procurement due to extensive 
requirements that subject them to arduous rules and taking years to procure new technologies (B5) 
• Internal organizational barriers in the context of the timing of procedure for writing plans, divided 
responsibilities, and the right organizational system to drive ITS (B6) 
• Do not have a blueprint for ITS development design in the city of Semarang because of lack of human resource 
with adequate capability for ITS modeling (B7) (modification from barrier 7 ‘Lack of human resource with 
adequate capability for ITS modelling’) 
• Lack of alignment among stakeholders (B8) 
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• Low interoperability of the system at the Department of Transportation Semarang City, which is making it 
challenging to integrate the ITS-based transportation system (B9) (modification from barrier 9 ‘complexity 
because of differences of rules or procedures between institutional’) 
• Lack of supporting infrastructure (B10) 
• Lack of involvement of related institutions to build long-term commitment and awareness that ITS project has 
potential to reducing, crashes and saving (B11) (modification from barrier 11 ‘lack of awareness that ITS project 
has potential to reducing, crashes and saving’) 
• Political problems (political short-termism or discontinuities due to political cycles) (B12) 
• Lack of interest among policy decision-makers and institutions- keeping the old bureaucracy (B13) 
• Lack of socialization from the Department of Transportation Semarang City to transportation users can lead to 
lower use of ITS-based services (such as Applications of Semarang Smart Transportation City, Application of 
Trans Semarang, and the BRT e-ticket) (B14) 
• Lack of support from community (including private sector) participation (B15) 
• The digital divide persists among the user of transportation (B16) 
3.2. The result of Interpretative Structural Modelling 
































Fig. 1. ISM digraph 
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The relationship between barriers j and i is described by an arrow directed from i to j. From Fig. 1, we can see 
the low interoperability of the system at the Department of Transportation Semarang City, which is making it 
challenging to integrate the ITS-based transportation system (B9), lack of involvement of related institutions to build 
long-term commitment and awareness that ITS project has potential to reducing, crashes and saving (B11), and 
political problems (political short-termism or discontinuities due to political cycles) (B12) are a very significant 
barrier to ITS project implementation as it forms the base of ISM digraph.  In this case, the political problems (B12) 
influence lack of involvement of related institutions to build long-term commitment and awareness (B11) and then, 
lack of involvement of related institutions to build long-term commitment and awareness (B11) influence low 
interoperability of the system at the Department of Transportation Semarang City, which is making it challenging to 
integrate the ITS-based transportation system (B9). 
The next step is to conduct Matrice d'Impacts Croises-Multiplication Appliqúe or MICMAC analysis to place 
the barrier into four quadrants. MICMAC analysis is an indirect classification technique based on each factor's 
driving power and dependence [24,26]. MICMAC analysis helps in examining the scope of each factor. The barriers 
to ITS project implementation described earlier are classified into four quadrants based on the driving power and the 
dependence in MICMAC analysis  
 Notes: 
• The first quadrant denotes “autonomous barriers”. In 
this quadrant, barriers have weak dependence and 
weak driving power. Barriers in the first quadrant are 
relatively disconnected from the system because they 
hold few weak links with other barriers.   
• The second quadrant denotes “dependent barriers”. In 
this quadrant, barriers have strong dependence but 
weak driving power.   
• The third quadrant denotes “linkage barriers”. In this 
quadrant, barriers have strong dependence and strong 
driving power. These barriers are unstable because 
any action on them will affect other barriers and also 
feedback on themselves.  
• Last, the fourth quadrant denotes “independent 
barriers”. In this quadrant, barriers have weak 
dependence and strong driving power 
 
Fig. 2. Driving power and dependence power diagram 
 
The result of mapping the dependence and driving power of each barrier in Fig. 2 indicates the following:  
• Two barriers fall in the autonomous barrier quadrant (Quadrant I): lack of interest among policy decision-makers 
and institutions- keeping the old bureaucracy (B13) and digital divide persists among the user of transportation 
(B16) 
• Five barriers fall in the independent barriers (Quadrant II): the high cost of ITS project implementation. (B1), 
lack of funding or insufficient funding for project implementation (B2), opinion that transportation project would 
create more expense despite efforts towards savings (B4), internal organizational barriers in the context of many 
agencies struggle with new technology procurement due to extensive requirements that subject them to arduous 
rules and taking years to procure new technologies (B5), and internal organizational barriers in the context of the 
timing of procedure for writing plans, divided responsibilities, and the right organizational system to drive ITS 
(B6). 
• Five barriers fall in linkage barriers (Quadrant III): lack of priority as city transport budgets usually assigned to 
road expansion and maintenance (B3), do not have a blueprint for ITS development design in the city of 
Semarang because of lack of human resource with adequate capability for ITS modelling (B7), lack of supporting 
infrastructure (B10), lack of socialization from the Department of Transportation Semarang City to transportation 
users which can lead to lower use of ITS-based services (B14), and lack of support from community (including 
private sector) participation (B15) 
• Four barriers fall in independent barrier (Quadrant IV): lack of alignment among stakeholders (B8), low 
interoperability of the system at the Department of Transportation Semarang City, which is making it challenging 
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• Low interoperability of the system at the Department of Transportation Semarang City, which is making it 
challenging to integrate the ITS-based transportation system (B9) (modification from barrier 9 ‘complexity 
because of differences of rules or procedures between institutional’) 
• Lack of supporting infrastructure (B10) 
• Lack of involvement of related institutions to build long-term commitment and awareness that ITS project has 
potential to reducing, crashes and saving (B11) (modification from barrier 11 ‘lack of awareness that ITS project 
has potential to reducing, crashes and saving’) 
• Political problems (political short-termism or discontinuities due to political cycles) (B12) 
• Lack of interest among policy decision-makers and institutions- keeping the old bureaucracy (B13) 
• Lack of socialization from the Department of Transportation Semarang City to transportation users can lead to 
lower use of ITS-based services (such as Applications of Semarang Smart Transportation City, Application of 
Trans Semarang, and the BRT e-ticket) (B14) 
• Lack of support from community (including private sector) participation (B15) 
• The digital divide persists among the user of transportation (B16) 
3.2. The result of Interpretative Structural Modelling 
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The relationship between barriers j and i is described by an arrow directed from i to j. From Fig. 1, we can see 
the low interoperability of the system at the Department of Transportation Semarang City, which is making it 
challenging to integrate the ITS-based transportation system (B9), lack of involvement of related institutions to build 
long-term commitment and awareness that ITS project has potential to reducing, crashes and saving (B11), and 
political problems (political short-termism or discontinuities due to political cycles) (B12) are a very significant 
barrier to ITS project implementation as it forms the base of ISM digraph.  In this case, the political problems (B12) 
influence lack of involvement of related institutions to build long-term commitment and awareness (B11) and then, 
lack of involvement of related institutions to build long-term commitment and awareness (B11) influence low 
interoperability of the system at the Department of Transportation Semarang City, which is making it challenging to 
integrate the ITS-based transportation system (B9). 
The next step is to conduct Matrice d'Impacts Croises-Multiplication Appliqúe or MICMAC analysis to place 
the barrier into four quadrants. MICMAC analysis is an indirect classification technique based on each factor's 
driving power and dependence [24,26]. MICMAC analysis helps in examining the scope of each factor. The barriers 
to ITS project implementation described earlier are classified into four quadrants based on the driving power and the 
dependence in MICMAC analysis  
 Notes: 
• The first quadrant denotes “autonomous barriers”. In 
this quadrant, barriers have weak dependence and 
weak driving power. Barriers in the first quadrant are 
relatively disconnected from the system because they 
hold few weak links with other barriers.   
• The second quadrant denotes “dependent barriers”. In 
this quadrant, barriers have strong dependence but 
weak driving power.   
• The third quadrant denotes “linkage barriers”. In this 
quadrant, barriers have strong dependence and strong 
driving power. These barriers are unstable because 
any action on them will affect other barriers and also 
feedback on themselves.  
• Last, the fourth quadrant denotes “independent 
barriers”. In this quadrant, barriers have weak 
dependence and strong driving power 
 
Fig. 2. Driving power and dependence power diagram 
 
The result of mapping the dependence and driving power of each barrier in Fig. 2 indicates the following:  
• Two barriers fall in the autonomous barrier quadrant (Quadrant I): lack of interest among policy decision-makers 
and institutions- keeping the old bureaucracy (B13) and digital divide persists among the user of transportation 
(B16) 
• Five barriers fall in the independent barriers (Quadrant II): the high cost of ITS project implementation. (B1), 
lack of funding or insufficient funding for project implementation (B2), opinion that transportation project would 
create more expense despite efforts towards savings (B4), internal organizational barriers in the context of many 
agencies struggle with new technology procurement due to extensive requirements that subject them to arduous 
rules and taking years to procure new technologies (B5), and internal organizational barriers in the context of the 
timing of procedure for writing plans, divided responsibilities, and the right organizational system to drive ITS 
(B6). 
• Five barriers fall in linkage barriers (Quadrant III): lack of priority as city transport budgets usually assigned to 
road expansion and maintenance (B3), do not have a blueprint for ITS development design in the city of 
Semarang because of lack of human resource with adequate capability for ITS modelling (B7), lack of supporting 
infrastructure (B10), lack of socialization from the Department of Transportation Semarang City to transportation 
users which can lead to lower use of ITS-based services (B14), and lack of support from community (including 
private sector) participation (B15) 
• Four barriers fall in independent barrier (Quadrant IV): lack of alignment among stakeholders (B8), low 
interoperability of the system at the Department of Transportation Semarang City, which is making it challenging 
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to integrate the ITS-based transportation system (B9), lack of involvement of related institutions to build long-
term commitment and awareness that ITS project has potential to reducing, crashes and saving (B11), and 
political problems (political short-termism or discontinuities due to political cycles) (B12) 
4. Conclusion 
This research aimed to investigate the underlying barriers that make ITS project development in Semarang City 
still hard. After the content validation process, this study identified 16 factors as a barrier for ITS project 
implementation. Data processing with ISM methodology indicated that internal organizational barriers in the context 
of the timing of procedure for writing plans, divided responsibilities, and the right organizational system to drive 
ITS occupied the topmost level. This barrier is affected at the lower level and has less influence than the remaining 
barriers (B6).  
This study has several limitations. First, the study's scope is limited to the barriers faced by Semarang City, 
Indonesia, and overlooks other barriers to ITS project implementation encountered by other regions or countries. 
Future studies should attempt to uncover other regions, other countries, or a cross-region or cross-country 
comparison. The second limitation is related to the possibility of biased opinions from the experts, and the third 
limitation is that the identified barriers do not test in a real environment. To eliminate these limitations, future 
studies should involve more experts from different ITS project implementation areas and test the recognized barriers 
to ITS project implementation in the real scenario or even make the simulation model to test the effect of barriers on 
ITS project. 
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to integrate the ITS-based transportation system (B9), lack of involvement of related institutions to build long-
term commitment and awareness that ITS project has potential to reducing, crashes and saving (B11), and 
political problems (political short-termism or discontinuities due to political cycles) (B12) 
4. Conclusion 
This research aimed to investigate the underlying barriers that make ITS project development in Semarang City 
still hard. After the content validation process, this study identified 16 factors as a barrier for ITS project 
implementation. Data processing with ISM methodology indicated that internal organizational barriers in the context 
of the timing of procedure for writing plans, divided responsibilities, and the right organizational system to drive 
ITS occupied the topmost level. This barrier is affected at the lower level and has less influence than the remaining 
barriers (B6).  
This study has several limitations. First, the study's scope is limited to the barriers faced by Semarang City, 
Indonesia, and overlooks other barriers to ITS project implementation encountered by other regions or countries. 
Future studies should attempt to uncover other regions, other countries, or a cross-region or cross-country 
comparison. The second limitation is related to the possibility of biased opinions from the experts, and the third 
limitation is that the identified barriers do not test in a real environment. To eliminate these limitations, future 
studies should involve more experts from different ITS project implementation areas and test the recognized barriers 
to ITS project implementation in the real scenario or even make the simulation model to test the effect of barriers on 
ITS project. 
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